Composites of silver nanoparticles/medical stone (SNP/MS), and silver nanoparticles with modified multiwall carbon nanotubes (SNP/MWNT) were synthesized using chemical reduction methods. Structural and chemical characteristics of SNP/MS and SNP/MWNT composites were investigated by scanning electron microscopy, transmission electron microscopy, X-ray photoelectron spectroscopy and energy dispersive spectroscopy. The antibacterial effect, characterized using Chlorophenols Arthrobacter (C.A), showed that both SNP/MS and SNP/MWNT composites exhibit strong antibacterial activity that makes them useful especially in water filtration.
INTRODUCTION
Silver has been used for centuries in the form of metallic silver for treatment of burns, wounds, and several bacterial infections. [1] [2] [3] [4] [5] Silver nanoparticles (SNP) offer superior antibacterial activity while being nontoxic, [6] [7] [8] [9] [10] whereas silver ions and silver-based compounds are known to be highly toxic to microorganisms. [11] [12] [13] Considering the cost of pure SNP used as antimicrobial agent and the easy oxidation property, it is better to load the materials with highly porous agents, such as zeolite, calcium phosphate, siallite, activated carbon forming SNP-based composites by physical absorption or ion exchanging reaction. 14 15 These silver-containing materials could possess combinations of good heat resistance, chemical stability, safety, durability, wide range of antibacterial properties.
Medical stone is one kind of compound mineral or officinal rock with innocuity, whose main structure is [SiO 4 ] 2− bonded to other metallic ions (such as Ca, Mg, Si, Al, Fe, K, Na), forming a silicate material with uniformly distributed cavities and a large internal surface area ( Fig. 1(a) ). Medical stone has the abilities of absorption, dissolving, adjusting pH capability, biology activity and mineralized quality. It is widely used in medical care, cosmetics, purification, dealing with polluted water, 16 which is an excellent candidate carrier material for silver nanoparticles to enhance silver-containing composites antimicrobial effect.
Multiwall carbon nanotubes (MWNT) have attracted much attention since 1991 because of their unique mechanical, chemical, and electrical properties. [17] [18] [19] [20] Its high surface area makes them efficient carriers for silver nanoparticles, which allow them to function with a variety of nanostructures. [21] [22] [23] [24] [25] application of carbon nanotubes in fuel cell as catalyst supports and electrode materials. 26 27 Recently, Guo et al. 28 29 reported that silver nanoparticles were electrocrystallized on 4-aminobenzene monolayer-grafted MWNT by electrostatic interaction, which can be used as catalyst supports for methanol fuel cell. Nanohybrids, comprising silver nanoparticles within third generation dendritic poly (amidoamine) grafted onto carbon nanotubes, showed good antimicrobial property. 30 Because pure silver nanoparticles are easy to be oxidized, it is better to be loaded on substrates which play a role to avoid oxidation. And medical stone and mutiwall carbon nano-tubes could be used as excellent scaffolding materials. Here we demonstrated this concept and synthesized successfully the SNP/MS, SNP/MWNT novel composites by physical absorption and chemisorption interaction. We investigated MWNT/SNP and MS/ SNP composites that exhibited excellent antibacterial activities. These new multifunctional materials with potential antifouling, bactericidal property could be used in filtration membrane and water disinfection.
EXPERIMENTAL DETAILS

Apparatus
Transmission electron microscopy (TEM) was carried out with a JEOL-2010 electron microscope (LaB 6 operated at 100 kV. High-resolution TEM images were taken with a JEOL-2100F, operated at 200 kV. X-ray photoelectron spectroscopy (XPS) was carried out using PHI quantera monochromatic aluminium K X-rays. XPS data were analyzed with MultiPak software. Energy-dispersive detector spectra (EDS) were identified using a JEOL-2100F advanced field-emission electron microscope operated at 200 kV. Scanning electron microscopy (SEM) was performed with a Zeiss Ultra Plus. X-ray diffraction ( 
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vertical theta/theta goniometer, Cu Ka radiation, graphite monoichrometer, and scintillation counter.
Materials
Medical stone powder (5 to 10 m) was purchased from HaizhiTian Nano Biotechnology Co., Ltd. (Tianjin, China). Multi-walled carbon nanotubes (diameters 40-60 nm and lengths of about 50 m) were provided by Nanotech Port Co (Shenzhen, China). Silver nitrate (AgNO 3 , polyvinyl pyrrolidone (PVP) as a protecting agent, glucose, and other chemical reagents were from Sigma Aldrich.
Preparation of SNP/MS
1.8 g glucose dissolved into 100 mL deionized water, followed by adding 10 mL of 5 mM/L PVP ethanol solution with stirring at room temperature, the pH value was adjusted by sodium hydroxide. Medical stone powder was added ( Fig. 1(a) ), and silver nitrate was dripped into the solution at 40 C for 30 min. The product was filtered and dried in a vacuum oven at 60 C for 8 h ( Fig. 1(b) ).
Preparation of Modified MWNT
Pristine MWNT was modified by acid oxidization in a mixture of sulfuric acid and nitric acid (3:1) at 60 C for 4 h to produce MWNT-COOH. Then the modified MWNT was immersed in 10 mL of 1 mM SnCl 2 and stirred for 30 min, here SnCl 2 was designed to sensitize MWNT surface for adsorbing silver nanoparticles chemically. The solution was filtered and washed by double-distilled water until it reached pH 6, then dried in a vacuum oven at 90 C for 8 h.
Preparation of SNP/MWNT
Silver decorated MWNT were prepared by UV Initiated reduction method. In a typical synthesis: 10 mL of 10 mM/L aqueous AgNO 3 were added to 5 mL of 5 mM/L PVP ethanol solution with vigorous stirring at 60 C for 30 minutes. Then 0.1 g modified MWNT was added into above solution following ultrasonic bath for 15 minutes, the mixture was irradiated by UV light with two 20 W low-pressure mercury lamps at room temperature for 2 h. The reaction product was filtered using Teflon membrane and drying at 100 C for 2 h, purified SNP/MWNT composites produced ( Fig. 1(c) ).
Preparation of Antibacterial Test
The bacterium was extracted from sea water from the Qingdao area and cultivated using ZZ16E culture medium. 29 The PRC primers was designed to identify the strain of 16S rRNA genes, and then the homology of the resultant DNA sequence was compared with that of GenBank sequence data. The bacterium is Chlorophenols Arthrobacter (C.A), a negative bacterium (Figs. 2(a and b) ).
Measurement of Antibacterial Effect
The antibacterial effect of the solution was measured by plate counting and bacteriostatic zone methods. No bacterial growth occurred around the center of fungicide. The larger the diameter of the inhibition zone, the stronger was the composites bactericidal property.
RESULTS AND DISCUSSION
XRD of SNP/MS composites ( Fig. 3(a) ) shows that the most intensive diffractive peak at 28.03 is caused by medical stone. A facet of Ag crystal was observed mainly at 38.11 and 84.34 , corresponding to (111) and (222) planes, which indicates the formation of metallic Ag. The size of SNP was related to the value of full width at half maximum according to Scherrer's Formula, 30 which was calculated about 10 to 30 nm, being consistent with the result of microscopy and size distribution (Fig. 4) . As seen on the pure MWNT and SNP/MWNT composites XRD chart (Fig. 3(b) ), a strong peak at 26.10 and another weak peak at 42.80 , corresponding to (002) and (200) planes from the carbon signal. 30 Comparably, the sharp peak at 38.0 is a facet of Ag crystal, corresponding to (111); some weak peaks at 64.3 and 77.2 , corresponding to (220) and (311), also contributed to metallic Ag. The average particle size can be determined from the broadening peak of the (111) reflection, which is about 6.2 nm consistent with data from TEM and size distribution measurement. SNP/MS composites were characterized by SEM and TEM measurement. Pure medical stone shows large surface area which could be an excellent candidate for substrate (Figs. 4(a and d) ), BrunauerEmmett-Teller measurement provided a further evidence ( Fig. 1(c) ), the adsorption/desorption isotherms of medical stone exhibit a distinct hysteresis loop in the P/P 0 range of 0.2-1.0, indicating the existence of mesopores. And the surface area is 96.7 m 2 g −1 ; correspondingly the pore-size mainly distributes in a range of 3.0 to 4.0 nm from inset of Figure 1(c) . Large numbers of spherical silver nanoparticles were adsorbed onto medical stone (Figs. 4(b, e, f) , with no aggregation seen when medical stone was used as a carrier. SNP/MS composites were investigated by EDS with a typical peak at 3.0 keV to demonstrate the metallic Ag (Fig. 5(a) ). The presence of silver in SNP/MWNT composites was confirmed by the peak at 2.6 keV and a high peak at 3.0 keV, as shown in the EDS survey (Fig. 5(b) from the treatment of the MWNT in SnCl 2 solution, which played an important role to activate the modified MWNT adsorbing silver nanoparticles easily.
31 Figure 6 shows the TEM images of the pristine MWNT and the SNP/MWNT composites. Pure modified MWNT may be clearly observed (Fig. 6(a) ). The well-dispersed, spherical silver nanoparticles loaded onto the MWNT surface (Figs. 6(b-e) ) and had an average size of about 5 to 10 nm, according to their size distribution (Fig. 6(f) ).
Further confirmation of the composites structure was provided by XPS analysis of covalent modification of SNP/MS and SNP/MWNT composites. Figure 7(a) shows the survey scan of SNP/MS composites. The elements peaks of O1s, Al2s, Si2s, Al2p, Si2p, Ca2p, N1s, and C1s contributed to the medical stone. Ag 3d core level peaks were centered at 367.1 and 373.0 eV, corresponding to those of Ag3d5and Ag3d3 (Fig. 7(b) ). Several reports have demonstrated that metal-support interaction makes the XPS peaks shift to higher binding energies. 32 But in our experiment, binding energies of both Ag3d5 and Ag3d3 decreased by 0.9 eV and 0.8 eV respectively, comparing with reported values of Ag3d5 (367.9 eV) and Ag3d3 (373.9 eV). 33 It is interesting to point that the binding energy of silver decreased to lower energy after physical adsorption. The probable reason caused that the original binding energy was consumed during silver nanoparticles loaded on medical stone substrate by physical adsorption.
Figure 7(c) shows XPS survey scan of SNP/MWNT composites. Peaks of C1s, Ag3d, and O1s elements were observed. The band energies of Ag3d5 and Ag3d3 (Fig. 7(d) by chemisorption interaction comparing with the fabrication mechanism of SNP/MS composites. Figure 7 (e) illustrates that evolution of C1s was centered at 284. 8 eV, corresponding to that of the C-C band. 34 Electron volt values of 286.0, 287.7, 289.2, and 290.6 were assigned to hydroxyl carbon (C-OH), carboxyl carbon (O C-O), and C O, respectively. It is possible due to the adsorption of the oxygen atom in >C O on the silver particles will induce a dipole on the surface of MWNT, that is, partially positive charges present on the surface of the silver nanoparticles.
Antibacterial strength was measured by plate counting and inhibition zone methods (Figs. 8 and 9 ). The results illustrated that pure medical stone without silver nanoparticles loaded had almost no antibacterial effect on C.A bacteria (Fig. 8(a) ). That the SNP/MS (0.2 mg) has a bactericidal effect (Fig. 8(b) ) was demonstrated when decreased density of the bacterial colony was accompanied by increased concentration of silver nanoparticles. As the concentration of SNP/MS increased, its antibacterial property was easily seen (Figs. 8(c and d) ). The antibacterial rate was up to 99.99% by counting bacteria colony, since there is no bacterium alive in the condition of 1.6 mg SNP/MS adding to the C.A bacterial culture medium (Fig. 8(e) ). Figure 9 shows the inhibition zone results of SNP/MWNT composites. A small inhibition zone of the modified MWNT sample without silver nanoparticles loaded ( Fig. 9(a) 
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composites increased, the inhibition zone grew larger (Figs. 9(b-d) ). In addition, both composites maintain antibacterial property stable after investigating for 6 months. Comparably, the antimicrobial property of SNP/MWNT composites is better than SNP/MS composites in the same condition, the probable reason may be caused by the different combination mechanisms between these two composites, silver nanoparticles loaded on medical stone by physical absorption while in the case of SNP/MWNT composites mainly by chemisorption interaction besides physical absorption.
SUMMARY
We demonstrated a new approach to synthesize SNP/MS and SNP/MWNT composites. The size distribution of the silver nanoparticles was uniform. We verified that the two novel composites have a strong antibacterial effect and long-term stability. Such synthesis route offers numerous advantages to using SNP composites that have no toxic or chemical effects. The SNP/MS and SNP/MWNT composites are a biocompatible, low-cost, and green fabrication process that makes them suitable and safe for water filtration or marine antifouling coating applications. 
